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1 . ^ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 
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This express request to begin national examination procedures (35 U.S.C. 371 (f)) at any time rather than delay 
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

A proper Demand for International Preliminary Examination was made by the 19^^ month from the earliest claimed 
priority date. 

A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

^ is transmitted herewith (required only if not transmitted by the International Bureau). 

□ has been transmitted by the International Bureau. 

□ is not required, as the application was filed in the United States Receiving Office (RO/US) 
A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

□ are transmitted herewith (required only if not transmitted by the Intemational Bureau). 

□ have been transmitted by the International Bureau. 

□ have not been made; however, the time limit for making such amendments has NOT expired. 
^ have not been made and will not be made. 

A translation of the amendments to the claims under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 
371(c)(5)). 

Applicant claims small entity status under 37 CFR 1 .27 . 



An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

An assignment document for recording. A separate cover sheet In compliance with 37 CFR 3.28 and 3.31 is included. 

A FIRST preliminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment 

A substitute specification. 

A change of power of attorney and/or address letter. 
Other items or information: 
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U.S. APPLICATION 
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INTERNATIONAL APPLICATION NO. 

PCT/GB99/04045 



ATTORNEY'S DOCKET NUMBER 

033236-0115 



18. ^The following fees are submitted: 



CALCULATIONS 



Basic National Fee (37 CFR 1 .492{a)(1)-(5): 

Search Report has been prepared by the EPO or JPO $860,00 



International preliminary examination fee paid to USPTO 

(37 CFR 1.482) $690.00 



No international preliminary examination fee paid to USPTO (37 CFR 1 .482) 

but International search fee paid to USPTO (37 CFR 1.445(a)(2) $710.00 



Neither international preliminary examination fee (37 CFR 1 .482) nor 
Intemational search fee (37 CFR 1.445(a)(2)) paid to USPTO $1,000.00 



Internationa! preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(2)-{4) $100.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



$860.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 20 
Months from the earliest claimed priority date (37 CFR 1.492(e)) 



Claims 



Number Filed 



Included in Basic 
Fee 



zxtra 
ICIaims 



Rate 



ptal Claims 



20 



$18.00 



$0.00 



dependent 

il^aims 



$80.00 



$0,00 



Klultiple dependent claim(s) (if applicable) 



$270.00 



TOTAL OF ABOVE CALCULATIONS = 



$860.00 



Reduction by /a for filing by small entity, if applicable. 



$0.00 



SUBTOTAL = 



$860.00 



Processing fee of $130.00 for furnishing English translation later the 20 
fhonths from the earliest claimed priority date (37 CFR 1 .492(f). 



TOTAL NATIONAL FEE = 



$860.00 



^^e for recording the enclosed assignment (37 CFR 1 .21 (h)). The assignment must be 
^Accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property 



TOTAL FEES ENCLOSED = 



$860.00 



Amount to be: 
refunded 



charged 



A check in the amount of 



.00 to cover the above fees is enclosed. 



b. □ Please charge my Deposit Account No. 19-0741 In the amount of $0.00 to the above fees. A duplicate copy of this sheet is 
enclosed. 

c. ^ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 
overpayment to Deposit Account No. 19-0741 . A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1 .494 or 1 .495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO: 



Foley & Lardner 
Washington Harbour 
3000 K Street, N.W., Suite 500 
Washington, D.C. 20007-5109 



SiGNAfURE 
NAME STEPHEN A. BENT 
REGISTRATION NUMBER 29,768 



TO«TB§c'cf 2 6DEC2001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Atty. Docket Nos 033236/0115 

In re patent application of 
Qi; STEVE at al. 
Serial No. 09/857,115 
Filed: June 1, 2001 

For: CONTROLLED RELEASE FORMULATION COMPRISING GNRH-II 

STATEMENT TO SUPPORT FILING AND SUBMISSION IN 
ACCORDANCE WITH 37 C.F.R. 1.821-1.825 



Assistant Commissioner for Patents 
Washington, D.C. 20231 
Box SEQUENCE 

Sir : 

In connection with a Sequence Listing submitted concurrently 
herewith, the undersigned hereby states that: 

1. the submission, filed herewith in accordance with 37 
C.F.R, § 1.821(g), does not include new matter; 

2 . the content of the attached paper copy and the 
attached computer readable copy of the Sequence Listing, submitted in 
accordance with 37 C.F.R, § 1, 821(c) and (e) , respectively, are the same; 
and 

3 . all statements made herein of their own knowledge are 
true and that all statements made on information and belief are believed to 
be true; and further^ that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 10 01 of Title 18 of the United 



Serial No. 09/857,115 



States Code and that such willful false statements may jeopardize 
validity of the application or any patent resulting therefrom. 



HARBOR CONSULTING 

Intellectual Property Services 
1500A Lafayette Road 
Suite 262 
Portsmouth, N.H. 
800-318-3021 



Respectfully submitted, 
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//V THE UJV/TED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 



Steve Qi at al. 



Title: 



CONTROLLED RELEASE 
FORMULATION COMPRISING 
GNRH-II 



Appl. No.: 



09/857,115 



HAND-DELIVERED TO: 
Ms. Vonda Wallace 



Filing Date: 



06/01/2001 



Examiner: 



Unassigned 



Art Unit: 



Unassigned 



SECOND PRELIMINARY AMENDMENT 



Commissioner for Patents 
Box New Application- 
Washington, D.C. 20231 



Sir: 



Please disregard the Preliminary Amendment filed December 26, 2001, and 
substitute the present Preliminary Amendment therefor. 

Prior to examination. Applicant respectfully requests that the above-identified 
application be amended as follows: 

IN THE SPECIFICATION: 

Please replace the following paragraphs with the following rewritten paragraphs. 
The changes are shown explicitly in the attached "Version with Markings to Show 
Changes Made." 

Please replace the paragraph beginning on page 1 at line 23 with the following 
rewritten paragraph: 

We have now found that GnRH-ll has an important role in the function of a number of 
organs. For example, it influences osteogenesis and it modulates the proliferation of 
prostatic epithelial cells. Accordingly, we have considered the means by which this 
agent and its analogues might usefully be delivered in a clinical situation, and it is an 
object of the present invention to provide suitable formulations for achieving this 
purpose. The formulations according to the present invention rely on the use of a 
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biodegradable polymer to hold the peptide in a depot, from which it is released into the 

systemic circulation at a controlled rate. These formulations comprise two key 

elemants, the biologically active peptide and The biodegradable polymer. The 

biologically active peptide is a decapeptide according to the sequence (SEQ ID NO: 7). 

Please replace the paragraph beginning on page 4 at line 3. with the following 

rewritten paragraph; 

In a second aspect, the invention as disclosed herein comprises a method for the 
treatment of an individual suffering from a disorder of bone or prostate growth, or 
considered to be at risk of so suffering. This method fo treatment comprises the 
administration to said individual of a therapeutically effective amount of a formulation 
containing, as an active principal, a peptide according to the sequence (SEQ ID NO: 7). 
Please replace the paragraph beginning on page 6 at line 27 with the following 
^;:f rewritten paragraph: 

S| Microencapsulated formulations can be prepared either from the solid peptide {as a 
fl powder) or from a solution, and particularly an aqueous solution, of the peptide. The 
p polymer is first dissolved in a suitable organic solvent. The peptide is then added to this 

ff solution and the mixture is vigorously stirred to disperse the peptide in the organic 

IP I 

? phase, A second organic solvent is then added. This second solvent is chosen to 
reduce the solubility of the polymer in the organic phase. The polymer comes out of 

I'll 

III solution to form a coating around the particles of solid peptide (SEQ ID NO: 6) (or 
% around the droplets of dispersed aqueous solution)* The resultant microcapsules are 
l4 then hardened by washing to remove traces of the organic solvents^ They are then 

ready to be suspended in an appropriate liquid for administration. 

Please replace the paragraph beginning on page 9 at line 6 with the following 

rewritten paragraph: 

IB. Cleavage and deprotection (SEQ ID NO; 6). 

IN THE CLAIMS: 

Please amendment claims 1, 2, 7, 8. 10 and 12 as follows: 

1 . (Amended) A pharmaceutical formulation for the controlled release of a 
therapeutic peptide or a salt thereof, which peptide has the sequence (SEQ ID NO: 7) 

pyro Qlu-His-Trp-Ser-Xaa^-Gly-Xaa^-Xaa^-Pro-Gly-NHs 

-2- 
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wherein Xaa^ is His or Tyr, 

Xaa^is Trp or Leu, and 

Xaa^ is Tyr or Arg, 

provided that when Xaa^ is Tyr and Xaa^ is Leu, then Xaa^ is not Arg, 

and which formulation further comprises a pharmaceutically acceptable 
biodegradable polymer. 

2. (Amended) The pharmaceutical composition according to Claim 1, 
wherein the peptide is (SEQ ID NO: 6) 

pyroGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NHs 

7. (Amended) A formulation according to claim 1 for treatment of, or for 
protection against, disorder of bone growth or disorder of prostate growth. 

8. (Amended) The use of peptide or salt as defined in claim 1, together with 
a pharmaceutically acceptable biodegradable polymer, for the preparation of a controlled 

release medicament for the treatment of, or protection against, disorder of bone growth 

w 

fll or disorder of prostate growth. 

in 

ff 10. (Amended) A use according to claim 8, wherein said disorder is selected 

from age-related osteoporosis, osteoporosis associated with post-menopausal hormone 
status, primary and secondary hyperparathyroidism, disuse osteoporosis, diabetes- 
related osteoporosis, glucocorticoid-related osteoporosis, benign prostatic hyperplasia 
and prostate cancer. 

12. (Amended) A method for treating or protecting against a human disorder 
of bone growth or of prostate growth, which method comprises the administration to an 
individual in need of such treatment or protection of a therapeutically effective amount 
on a formulation according to claim 1 . 

REMARKS 

The foregoing amendments to the specification and the claims are requested to 
enter sequence ID numbers into the application. 

-3- 



002.699469.1 



Atty. Dkt. No. 033236/01 15 
Claims 7, 8, 10 and 12 have been amended to delete the multiple claims which 

were added during Chapter II of PCT prosecution in the parent International Application. 

No new matter has been added. Applicants also respectfully request that the 
foregoing amendments be made prior to examination of the present application. 

Applicant believes that the present application is now In condition for allowance. 
Favorable consideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

Respectfully submitted, 

o 

1^1 Date: January 28, 2002 

III 

H| FOLEY & LARDNER 
Washington Harbour 
I* 3000 K Street, N.W., Suite 500 
in Washington, D.C. 20007-5109 
i Telephone: (202) 672-5404 
I* Facsimile: (202) 672-5399 
III 

m 




Stephen A. Bent 
Attorney for Applicant 
Registration No. 29,768 
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Version with Markings to Show Changes Made 



IN THE SPECIFIC ATIOISI : 

Please replace the paragraph beginning on page 1 at line 23 with the following 
rewritten paragraph: 

We have now found that GnRH-ll has an important role in the function of a number of 
organs. For example, it influences osteogenesis and it modulates the proliferation of 
prostatic epithelial cells. Accordingly, we have considered the means by which this 
agent and its analogues might usefully be delivered in a clinical situation, and it is an 
object of the present invention to provide suitable formulations for achieving this 
purpose. The formulations according to the present invention rely on the use of a 
biodegradable polymer to hold the peptide in a depot, from which it is released into the 
|| systemic circulation at a controlled rate. These formulations comprise two key 
C| elements, the biologically active peptide and the biodegradable polymer. The 

biologically active peptide is a decapeptide according to the sequence (SEQ ID NO: 7) . 



In a second aspect, the invention as disclosed herein comprises a method for the 
treatment of an individual suffering from a disorder of bone or prostate growth, or 
considered to be at risk of so suffering. This method fo treatment comprises the 
administration to said individual of a therapeutically effective amount of a formulation 
containing, as an active principal, a peptide according to the sequence (SEQ ID NO: 7) . 

Please replace the paragraph beginning on page 6 at line 27 with the following 
rewritten paragraph: 

Microencapsulated formulations can be prepared either from the solid peptide (as a 
powder) or from a solution, and particularly an aqueous solution, of the peptide. The 
polymer is first dissolved in a suitable organic solvent. The peptide is then added to this 
solution and the mixture is vigorously stirred to disperse the peptide in the organic 




Please replace the paragraph beginning on page 4 at line 3 with the following 
rewritten paragraph: 
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phase. A second organic solvent is then added. This second solvent is chosen to 

reduce the solubility of the polymer in the organic phase. The polymer comes out of 

solution to form a coating around the particles of solid peptide (SEQ ID NO: 6) (or 

around the droplets of dispersed aqueous solution). The resultant microcapsules are 

then hardened by washing to remove traces of the organic solvents. They are then 

ready to be suspended in an appropriate liquid for administration. 

Please replace the paragraph beginning on page 9 at line 6 with the following 
rewritten paragraph: 

1 B. Cleavage and deprotection (SEQ ID NO: 6) . 
IN THE CLAIMS : 

1 . (Amended) A pharmaceutical formulation for the controlled release of a 
v.| therapeutic peptide or a salt thereof, which peptide has the sequence (SEQ ID NO: 7) 

pyro Glu-His-Trp-Ser-Xaa^-G!y-Xaa^-Xaa^-Pro-Gly-NH2 
wherein Xaa^ is His or Tyr, 

Xaa^ is Trp or Leu, and 
Xaa^ is Tyr or Arg, 
provided that when Xaa^ is Tyr and Xaa^ is Leu, then Xaa^ is not Arg, 

and which formulation further comprises a pharmaceutically acceptable 
biodegradable polymer. 



2. (Amended) The pharmaceutical composition according to Claim 1, 
wherein the peptide is (SEQ ID NO: 6) 

pyroGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2 
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7. (Amended) A formulation according to [any of claims 1 to 5] claim 1 for 

treatment of^ or for protection against^ disorder of bone growth or disorder of prostate 
growth. 

8. (Amended) The use of peptide or salt as defined in claim 1 [or 2], together 
with a pharmaceutically acceptable biodegradable polymer, for the preparation of a 
controlled release medicament for the treatment of^ or protection against^ disorder of 
bone growth or disorder of prostate growth. 

10. (Amended) A use according to claim 8 [or 9], wherein said disorder is 
selected from age-related osteoporosis, osteoporosis associated with post-menopausal 
hormone status, primary and secondary hyperparathyroidism, disuse osteoporosis, 
diabetes-related osteoporosis, glucocorticoid-related osteoporosis, benign prostatic 
hyperplasia and prostate cancer. 

1 2. (Amended) A method for treating or protecting against a human disorder 
of bone growth or of prostate growth, which method comprises the administration to an 
^$ individual in need of such treatment or protection of a therapeutically effective amount 
rt on a formulation according to [any of claims 1 to 5] claim 1 . 

fil 

m 
a 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Steve Qi et al. 



Title: 



CONTROLLED RELEASE 
FORMULATION COMPRISING 
GNRH-II 



Appl. No.: 09/857,115 



Filing Date: 06/01/2001 



Exanniner: 



Unassigned 



Art Unit: 



Unassigned 



PRELIMiNARY AMENDMENT 



Commissioner for Patents 
Box New Application- 
Washington, D.C. 20231 



Sir: 



Prior to examination. Applicant respectfully requests that the above-identified 
application be amended as follows: 

IN THE SPECIFICATION: 

Please replace the following paragraphs with the following rewritten paragraphs. 
The changes are shown explicitly in the attached "Version with Markings to Show 
Changes Made." 

Please replace the paragraph beginning on page 1 at line 23 with the following 
rewritten paragraph: 

We have now found that GnRH-II has an important role in the function of a number of 
organs. For example, it influences osteogenesis and it modulates the proliferation of 
prostatic epithelial cells. Accordingly, we have considered the means by which this 
agent and its analogues might usefully be delivered in a clinical situation, and it is an 
object of the present invention to provide suitable formulations for achieving this 
purpose. The formulations according to the present invention rely on the use of a 
biodegradable polymer to hold the peptide in a depot, from which it is released into the 
systemic circulation at a controlled rate. These formulations comprise two key 
elements, the biologically active peptide and the biodegradable polymer. The 
biologically active peptide is a decapeptide according to the sequence (SEQ ID NO: 7). 
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Please replace the paragraph beginning on page 4 at line 3 with the following 
rewritten paragraph: 

In a second aspect, the invention as disclosed herein comprises a method for the 
treatment of an individual suffering from a disorder of bone or prostate growth, or 
considered to be at risk of so suffering. This method fo treatment comprises the 
administration to said individual of a therapeutically effective amount of a formulation 
containing, as an active principal, a peptide according to the sequence (SEQ ID NO: 7). 

Please replace the paragraph beginning on page 6 at line 27 with the following 
rewritten paragraph: 

Microencapsulated formulations can be prepared either from the solid peptide (as a 
powder) or from a solution, and particularly an aqueous solution, of the peptide. The 
polymer is first dissolved in a suitable organic solvent. The peptide is then added to this 
solution and the mixture is vigorously stirred to disperse the peptide in the organic 
phase. A second organic solvent is then added. This second solvent is chosen to 
reduce the solubility of the polymer in the organic phase. The polymer comes out of 
solution to form a coating around the particles of solid peptide (SEQ ID NO: 6) (or 
around the droplets of dispersed aqueous solution). The resultant microcapsules are 
then hardened by washing to remove traces of the organic solvents. They are then 
ready to be suspended in an appropriate liquid for administration. 

Please replace the paragraph beginning on page 9 at line 6 with the following 
rewritten paragraph: 

IB. Cleavage and deprotection (SEQ ID NO: 6). 
IN THE CLAIMS: 

Please amendment claims 1 and 2, and add new claims 7-13 as follows: 

1 . (Amended) A pharmaceutical formulation for the controlled release of a 
therapeutic peptide or a salt thereof, which peptide has the sequence (SEQ ID NO: 7) 

pyro Glu-His-Trp-Ser-Xaa'-Gly-Xaa^-Xaa^-Pro-Gly-NHs 
wherein Xaa^ is His or Tyr, 

Xaa^is Trp or Leu, and 

Xaa^ is Tyr or Arg, 

provided that when Xaa^ is Tyr and Xaa^ is Leu, then Xaa^is not Arg, 
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and which formulation further comprises a pharmaceutically acceptable 
biodegradable polymer. 

2. (Amended) The pharmaceutical composition according to Claim 1 , 
wherein the peptide is (SEQ ID NO: 6) 

pyroGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2 

7. (New) A formulation according to claim 1 for treatment of, or for 
protection against, disorder of bone growth or disorder of prostate growth. 

8. (New) The use of peptide or salt as defined in claim 1 , together with a 
pharmaceutically acceptable biodegradable polymer, for the preparation of a controlled 
release medicament for the treatment of, or protection against, disorder of bone growth 
or disorder of prostate growth. 

9. A use according to claim 8, wherein said polymer is 

(a) a polymer of a hydroxy derivative of a carboxylic acid, or a co- 
polymer of such derivatives, or 

(b) a polymer of glycolic acid, a polymer of lactic acid, or a co-polymer 
of lactic and glycolic acids. 

10. (New) A use according to claim 8, wherein said disorder is selected from 
age-related osteoporosis, osteoporosis associated with post-menopausal hormone 
status, primary and secondary hyperparathyroidism, disuse osteoporosis, diabetes- 
related osteoporosis, glucocorticoid-related osteoporosis, benign prostatic hyperplasia 
and prostate cancer. 

1 1 . (New) A formulation according to claim 7 for the treatment of, or 
protection against, disorder selected form age-related osteoporosis, osteoporosis 
associated with post-menopausal hormone status, primary and secondary 
hyperparathyroidism, disuse osteoporosis, diabetes-related osteoporosis, glucocorticoid- 
related osteoporosis, benign prostatic hyperplasia and prostate cancer. 

1 2. (New) A method for treating or protecting against a human disorder of 
bone growth or of prostate growth, which method comprises the administration to an 
individual in need of such treatment or protection of a therapeutically effective amount 
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on a formuiation according to claim 1 . 

13. (New) A method according to claim 12, wherein said disorder is selected 
from age-related osteoporosis, osteoporosis associated with post-menopausal hormone 
status, primary and secondary hyperparathyroidism, disuse osteoporosis, diabetes- 
related osteoporosis, glucocorticoid-related osteoporosis, benign prostatic hyperplasia 
and prostate cancer. 



The foregoing amendments to the specification and the claims are requested to 
enter sequence ID numbers into the application. 

Also, new claims 7-13 have been added to the above-identified application as set 
forth above. These claims were added during PCT prosecution in the parent 
International Application, Therefore, it is requested that these claims now be 
incorporated in the present application and that no new matter has been added. 
Applicants also respectfully request that the foregoing amendments be made prior to 
examination of the present application. 

Applicant believes that the present application is now in condition for allowance. 
Favorable consideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 



REMARKS 



Respectfully submitted. 



FOLEY & LARDNER 
Washington Harbour 



Date: December 26, 2001 




3000 K Street, N.W., Suite 500 
Washington, D.C. 20007-5109 
Telephone: (202) 672-5404 
Facsimile: (202) 672-5399 



Attorney for Applicant 
Registration No. 29,768 
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Version with Markings to Show Changes Made 
IN THE SPECIFICATION : 

Please replace the paragraph beginning on page 1 at line 23 with the following 
rewritten paragraph: 

We have now found that GnRH-ll has an important role in the function of a number of 
organs. For example, it influences osteogenesis and it modulates the proliferation of 
prostatic epithelial cells. Accordingly, we have considered the means by which this 
agent and its analogues might usefully be delivered in a clinical situation, and it is an 
object of the present invention to provide suitable formulations for achieving this 
purpose. The formulations according to the present invention rely on the use of a 
biodegradable polymer to hold the peptide in a depot, from which It is released into the 
systemic circulation at a controlled rate. These formulations comprise two key 
elements, the biologically active peptide and the biodegradable polymer. The 
biologically active peptide is a decapeptide according to the sequence (SEQ ID NO: 7) . 

Please replace the paragraph beginning on page 4 at line 3 with the following 
rewritten paragraph: 

In a second aspect, the invention as disclosed herein comprises a method for the 
treatment of an individual suffering from a disorder of bone or prostate growth, or 
considered to be at risk of so suffering. This method fo treatment comprises the 
administration to said individual of a therapeutically effective amount of a formulation 
containing, as an active principal, a peptide according to the sequence (SEQ ID NO: 7) . 

Please replace the paragraph beginning on page 6 at line 27 with the following 
rewritten paragraph: 

Microencapsulated formulations can be prepared either from the solid peptide (as a 
powder) or from a solution, and particularly an aqueous solution, of the peptide. The 
polymer is first dissolved in a suitable organic solvent. The peptide is then added to this 
solution and the mixture is vigorously stirred to disperse the peptide in the organic 
phase. A second organic solvent is then added. This second solvent is chosen to 
reduce the solubility of the polymer in the organic phase. The polymer comes out of 

solution to form a coating around the particles of solid peptide (SEQ ID NO: 6) 
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(or around the droplets of dispersed aqueous solution). The resultant nnicrocapsules are 
then hardened by washing to remove traces of the organic solvents. They are then 
ready to be suspended in an appropriate liquid for administration. 

Please replace the paragraph beginning on page 9 at line 6 with the following 
rewritten paragraph: 

1 B. Cleavage and deprotection (SEQ ID NO: 6) . 



IN THE CLAIMS : 

1 . (Amended) A pharmaceutical formulation for the controlled release of a 
therapeutic peptide or a salt thereof, which peptide has the sequence (SEQ ID NO: 7) 

j| pyro Glu-His-Trp-Ser-Xaa'-Gly-Xaa^-Xaa^-Pro-Gly-NH2 

III 

m 

wherein Xaa^ is His or Tyr, 

Xaa^ is Trp or Leu, and 

|4 Xaa^is Tyr or Arg, 

III 

1| provided that when Xaa^ is Tyr and Xaa^ is Leu, then Xaa^ is not Arg, 

Q 

M and which formulation further comprises a pharmaceutically acceptable 

biodegradable polymer. 



2. (Amended) The pharmaceutical composition according to Claim 1, 
wherein the peptide is (SEQ ID NO: 6) 

pyroGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2 
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. CONTROLL ED R ELEASE FORMULATION COMPRISING GNRH ^ 



FIELD OF INVENTION 

The present invention relates to a pharmaceutical preparation that releases a 
therapeutic agent over an extended period. 

BACKGROUND TO THE INVENTION 

Studies on the physioiogy of the hypothaiamic-pituitary-gonadai axis have resulted in 
the recognition of gonadotropin reieasing homnone (GnRH. otherwise known as 
luteinizing honrnone releasing honnone, LHRH) as a key regulatory hormone, GnRH 
is released by the hypothalamus and acts on the pituitary to stimulate the release of 
luteinizing hormone (LH) and foHicle-stimuiating hormone (FSH). More recently, a 
peptide with homology to GnRH has been identified (White et ai, Proc. Natl. Acad. 
Sci. USA 95 305-309» 1 998). This peptide has been called GnRH-IL The 
sequences of the two peptides are compared below. 

GnRH pyroGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHj (SEQ LD. No.5) 
GnRH-ll pyroGIu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NHj {SEQ l.D, No.6) 

The name "GnRH-ll" is, to some extent misleading. The new peptide is a separate 
gene product, and is clearly distinguishable from GnRH in its tissue distribution. It 
seems unlikely that GnRH-H acts as an endogenous releaser of LH and FSH. Since 
no clear evidence for a physiological role for GnRH-ll has been presented, no 
attentionhas been paid to the practical aspects of using this peptide as a therapeutic 
agent. 

SUWIWARY OF THE INVENTION 

We have now found that GnRH-ll has an important role in the function of a number of 
organs. For example, it influences osteogenesis and it modulates the proliferation of 
prostatic epithelial cells. Accordingly, we have considered the means by which this 
agent and its analogues might usefully be delivered in a clinical situation, and it is an 
object of the present invention to provide suitable formulations for achieving this 
purpose. The formulations according to the present invention rely on the use of a 
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biodegradabte polymer to hold the peptide in a depot, from which it is released into the 
systemic circulation at a controlled rate. These formulations compnse two key 
elements, the biologically active peptide and the biodegradable polymer. The 
biologically active peptide is a decapeptide according to the sequence 

pyroGlu-His-Trp-Ser-Xaa'-Gly-Xaa^-Xaa^-Pro-Gly-NH^ (SEQ l.D. No,7) 

wherein Xaa^ is His orTyr, 

Xaa^ is Trp or Leu, and 
Xaa^ is Tyr or Arg, 

provided that when Xaa' is Tyr and Xaa^ is Leu. then Xaa* is not Arg. The polymer 
is any pharmaceuticaliy acceptable biodegradable polymer, and preferably a co- 
polymer of glycolic and lactic acids. The invention further comprises the use of the 
formulations for the treament of human pathologies. 

DESCRIPTION OF THE FIGURE 

Figure 1 shows the effect of increasing doses of GnRH-II on serum calcium 
concentrations in ovariectomised rats. 

DESCRIPTION OF THE INVENTION 

As used herein, abbreviations referring to amino acids have their conventional 
meanings and indicate the natural L-isomer (except for the achirai amino acid 
glycine). 

In a first aspect, the invention as disclosed herein comprises a pharmaceutical 
fonnuiation that releases a therapeutic peptide at a controlled rate and for an 
extended period of time (i.e. for a period of at least one day, preferably several days, 
and more preferably at least one week), particulariy for the treatment of diseases of 
the bone and prostate. The therapeutic peptide is a decapeptide according to the 
sequence 

pyroGlu-His-Trp-Ser-Xaa^-Gly-Xaa^-Xaa'-Pro-Gly-NH^ (7) 
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wherein Xaa^ is either His or Tyr. Xaa^ is either Trp or Leu. and Xaa^ is either Tyr or 
Arg, provided that when Xaa^ is Tyr and Xaa^ is Leu. then Xaa^ is not Arg. 
Preferably. Xaa^ is His. Xaa^ is Trp, and Xaa^ is Tyr. it will be recognised that such 
a peptide can fornn salts with acids {for example, acetic acid, trifluoroacetic acid, 
benzoic acid, hydrochloric acid, phosphoric acid and the like). To the extent that 
such salts are formed with pharmaceutically acceptable acids, they are included 
within the scope of the invention. 

A second essential component of the formulation is a biodegradable, pharmaeutically 
acceptable pofymer. Such polymers are known in the art. They can either be 
homopoiymers (i.e. polymers of a single monomer) or copolymers (i.e. formed from 
two or more different monomers). Suitable monomers include amino and hydroxy 
dervatives of carfaoxylic acids. In a preferred embodiment of the present invention, 
the polymer is composed of hydroxyacyf monomeric units, and more preferably of a- 
hydroxyacyl units. Most preferably, the polymer is a pofy(g}ycofic acid), a poly(iactic 
acid) or a copolymer of gfycoiic and lactic acids. Such a polymer has the following 
chemical structure. 



where R is hydrogen in poly(glycoiic acid), methyl in poly{Iactic acid), and randomly 
hydrogen or methyl in the copolymer. 

Two complementary methods for making the formulation of the present Invention can 
be distinguished. The peptide can either be incorporated into a matrix of the 
pofymer. or, more preferably, it can be encapsulated by the polymer, tn this second 
case, the peptide that is encapsulated may be either a solid or in solution. It is 
preferred for the peptide to be a solid. 

This formulation is useful in the treatment of human pathologies, including disorders 
of bone growth (including age-related osteoporosis and osteoporosis associated with 
post-menopausai hormone status, primary and secondary hyperparathyroidism, 
disuse osteoporosis, diabetes-related osteoporosis, and glucocortrcoid-reiated 
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osteoporosis) and prostate growth (inciuding benign prostatic hyperplasia and 
prostate cancer). 



In a second aspect, the invention as disclosed herein connpnses a method for the 
treatment of an individual suffering from a disorder of bone or prostate growth, or 
considered to be at risk of so suffering. This method of treatment comprises the 
administration to said individual of a therapeutically effective amount of a formulation 
containing, as an active principal, a peptide according to the sequence 

pyroGiu-His-Trp-Ser-Xaa'-Gly-Xaa^-Xaa^-Pro-Gly-NH:: (7) 

or a phamnaceutically acceptable salt thereof, wherein Xaa\ Xaa^ and Xaa^ are as 
defined above, and as a second component, a pharmaceuticaKy acceptable 
biodegradable polymer, which formulation releases the peptide into the systemic 
circulation as the polymer is eroded. The method of treatment may comprise a 
single administration of the formulation, but is more likely to comprise a course of 
repeated administrations. The frequency of the administrations may be from once 
per day to once per month. The amount of active peptide in each dose will depend 
on the dosing schedule and the route of administration. Generally, it will be between 
one milligram {1mg) and one gram (1g). The supervising physician will determine 
the precise dose depending on the parameters generally considered In the art to be 
relevant. The formulation is administered by intramuscufar or subcutaneous 
injection. 

The peptides that comprise the active agents of the compositions of the present 
invention can be prepared by the methods generally known in the art. For example, 
the peptides may be prepared by solid-phase synthesis. This involves the 
sequential addition of amino acid residues to a resin-bound intermediate according to 
the following strategy. 

1 , Formation of resin-bound first intermediate 
PG-Aaa-OH + FG-Res - PG-Aaa-L-Res 
Aaa = amino acid 
PG = protecting group 
FG = funcilonal group 
Res = poiymenc resin 

4 
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2. Deprotection 

PG-Aaa-L-Res - H-Aaa-L-Res 

3. Chain extension 

PG-Bbb-OH ^ H-Aaa-L-Res - PG-Bbb-Aaa-L-Res 

4. Repeat steps 2 and 3 as necessary 

PG-Bbb-Aaa-L-Res PG-Nnn-...-Bbb-Aaa-L-Res 

5. Cieave/deprotect 

PG-Nnn-„.-Bbb-Aaa-L-Res - H-Nnn-..,.Sbb-Aaa-OH (or -NHj) 

In step one, a protected amino acid is reacted with a functionalised resin. The 
protecting group (PG) is most commonly fe/t-butyloxycarbonyi (Boo) or 9- 
fluorenylmethyfoxycarfaonyl (Fmoc). The functional group on the resin (FG) is 
commonly a chloroalkyl group* a hydroxy! group or an amine group. V\ftien FG is a 
chloroalkyi or hydroxyl group, the linker group (L) is an oxygen atom ( -O- ). When 
FG is an amine group, L is -NH-. 

In step two, the protecting group (PG) is removed from the a-amino group. V\flien 
PG is Boc. this can be accomplished by treating the resin with adds such as 
triffuoroacetic add or hydrogen chloride in dichloromethane. When PG is Fmoc, the 
deprotection can be accomplished by treating the resin with bases such as 
piperidine. 

In step three, the peptide chain is extended by one amino acid residue. A protected 
amino acid is coupled to the amine group liberated in step two. Many reagents are 
known in the art for achieving this conversion. One combination is 
dicyclohexylcarbodiimide (DCC) and hydroxybenzotriazole (HOBt). Generally, a 
base will also be necessary. Suitable bases include triethyiamine and N.N- 
diisopropyiethyfamine. The solvent will generally be dichloromethane, 

dimethyfformamide. or a mixture of these. 
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[f the Side chains of the ammo acids (Aaa - Nnn) contain reactive groups (for 
example amino groups, carboxyhc acid groups, hydroxyl groups) then these wiil need 
protecting. The protecting groups chosen for the side chains are generally those 
that are stable under the conditions required to remove the protecting group (PG) 
from the a-amino group. If PG is Fmoc, then the side chain protecting groups can 
conveniently be based on tert-butyt chemistry. On the other hand, if PG is Boc, then 
the side chain protecting groups can be based on fiuorenylmethyl chemistry. Other 
protecting groups known in the art can also be used. 

In step four, the deprotection/chain extension cycle is repeated until the desired 
peptide sequence has been constructed. 

In step five, the completed peptide is liberated from the resin. Protecting groups are 
removed from the side chains either before or after the cleavage. When L is -NH-. 
the peptide liberated is in the form of the C-terminal amide. When L is -0-, the 
peptide liberated is often the C-terminal free acid and a second step is required to 
form the C-terminal amide. 

The peptides may also be prepared by solution-phase synthesis, and this may be 
more convenient when large quantities of material are needed. 

The polymers required for the formulation are generally well known in the art. As 
stated previously, the formulation may take the form of a simple dispersion of the 
peptide in a matrix of the polymer, or the peptide may be microencapsulated with the 
polymer. Dispersions can be prepared by mixing the peptide (as a solid) and the 
• polymer to homogeneity, then compressing the mixture to form a solid mass. It may 
be necessary to add a binding agent to the mixture in order to achieve a suitably 
cohesive composition. The mass can then be ground up to give particles suitable for 
suspension in a biologically compatible liquid (such as water or isotonic saline) and 
injection. 

Microencapsulated formulations can be prepared either from the solid peptide (as a 
powder) or from a solution, and particularly an aqueous solution, of the peptide. The 
polymer is first dissolved in a suitable organic solvent. The peptide is then added to 
this solution and the mixture is vigorously stirred to disperse the peptide in the 
organic phase. A second organic solvent is then added. This second solvent is 

.6 
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chosen to reduce the solubility of the polymer in the organic phase. The polymer 
comes out of solution to form a coating around the pa.^icies of solid peptide (or 
around the droplets of dispersed aqueous solution). The resultant microcapsules 
are then hardened by washing to remove traces of the organic solvents. They are 
then ready to be suspended in an appropriate liquid for aaministration. 

The above general description is further elaborated below in a number of examples. 
These are intended to illustrate certain aspects of the invention. They are not 
intended to be limiting in any way. 

EXAMPLES 

Example 1 - Synthesis of GnRH-II 

1A. Preparation of resin-bound protected peptide. 

pyroGlu-His(Bom)-Trp(CHO)-Ser(B2l)-His(Bom).GIy-Trp{CHO)-Tyr(B2l)'Pro-Gly- 
Ores 

This peptide was prepared using standard solid-phase methods starting from Boc- 
Gty-esterifled Menifield resin (60 g, 1 mmoiyg). The synthesis was performed in a 
manual synthesizer, with a total solvent and reagent volume of 300 mL for each 
operation. The standard deprotection/wash/coupiing protocol is summarised in 
Table 1 . 
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Table 1 



Step 


Reagent 


Time (min) 


iNumDer or 
Operations 


npnrntpction of Boc 


HCi/DCM* 


60 


1 


vvdoi Uf ly 


DCM 


2-4 


3 


Neutralisation 


10% DIPEA/DCM 


4 


2 


Washing 


DCM 


2-4 


1 


Coupling 


Activated ester 


60-120- 


1 -2 


Washing 


DCM 


2-4 


3 


Gaseous hydrogen chloride was bubbled through a suspension of 
the resin in DCM 

Completeness of reaction was determined by a negative ninhydrin 
test 



Benzotriazolyl esters were used as the activated esters throughout the synthesis. 
These were prepared from the corresponding protected amino acids by reaction with 
1 -hydroxy benzotriazole (1 eq.) and dicyclohexylcarbodiimide (1 eq.)- The quantities 
used (in relation to the resin substitution capacity) are listed in Table 2, 



Table 2 



Cycle 


Amino acid derivative 


Molar 


no. 




excess 


1 


Boc-Pro-OH 


1. 8 


2 


Boc-Tyr{Bzl)-OH 


1. 8 


3 


Boc-Trp(CHO)-OH 


1. 8 


4 


Boc-Gly-OH 


1. 8 


5 


Boc-His(Bom)-OH 


1. 8 


6 


Boc-ser(Bzf)-OH 


2.0 


7 


Boc-Trp(CHO)-OH 


2.0 


8 


Boc-His(Bom)-OH 


2.0 


9 


pyroGlu-OH 


2.0 



8 
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Following the finai coupling, the resin was washed with dichloromethane (3^3 1) 
and dried under reduced pressure at +40°C to constant weight. 



Amino acid analysis: Consistent with proposed sequence 
1B. Cleavage and deprotection 

pyroGlu-His-Trp-Ser-His-GIy-Trp-Tyr-Pro-GIy-NHj (6) 

The peptidoresin prepared in Example 1A was placed in a linen bag in a pressure 
vessel- The vessel was then charged with gaseous ammonia to a final pressure of 4 
atm. After 72h the excess ammonia was vented and the resin was extracted with 
acetic acid (3 ^ 1 0OmL) and ethanol (3 x 1 0OmL). The combined extracts were degassed 
with nitrogen, 10% palladium-on-carbon was added, and the mixture was stirred under 
an atmosphere of hydrogen. When the reaction was complete (as judged by HPLC). 
the mixture was filtered and the filtrate was evaporated. The residue was purified by 
reverse-phase HPLC to give the title compound. 

Example 2- Microencapsuiation of peptide 

Copoly{D,L-lactic add, glycolic acid) with a tactic acid/gfycolic acid ratio of 50/50 is 
used. To a solution of this polymer (3.7g) in dichloromethane (lOOmL) in a reaction 
vessel equipped with a stin-er is added GnRH-II acetate (0. 1 5g, prepared by dissolving 
the peptide of example 1 in acetic acid and lyophilising the resultant solution). The 
mixture is stin-ed at SOQrevolutions/minute, then silicone oil (Dow Coming 360 Medical 
Fluid®, 45g) is added over 1 0 minutes. The mixture is then introduced as a thin jet into 
capryiic-capric acid-trigiyceride (Miglyol® 812, 3.3L) with continuous stining at 
lOOOrevolutions/minute. When addition is complete, stirring is continued for 1 hour, 
then the microcapsules are collected by filtration, washed twice with isopropanol, and 
finally dried. 

Example 3 - Analysis of the effects of GnRH-II and analogues on Osteogenic cell 
populations in vitro. 

(a) Human osteoblasts were isolated from cancerous bone from orthopaedic surgery 
(Nilsson a/. . 1 995) according to standard procedures known in the art. The bone 

9 
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expiants were minced into small bone chips and then washed extensively in 
Dulbecco's modified Eagle's medium (DMEM)/F12 (1:1 Gibco, Paisley, U.K). 
These osteoblast like cells. Murine osteoblastic MC3T3-E1 cells and human clonal 
osteosarcoma cell lines MG-63 (non-mineralising) and SaOS-2 (mineralising 
osteosarcoma) were cultured in DMEM:F12, 1:1 with the addition of 10% fetal calf 
serum (FCS, Gibco), fungizone (500mg/i). gentamycin sulphate (50mg/i). L- 
glutamlne (2mM) and 1-ascorbic acid (100mg/i) in a humidified CO2 chamber at 
37'C. 

(b) Human bone marrow stromal ceils were isolated from bone fragments rinsed in 
phosphate-buffered saline. Bone marrow cells were collected and spun through a 
column of Ficoil Hypaque (Kimble et al J. Clin. Invest. 93 1 959-1 967. 1 994) Cells 
at the interface were pelleted, counted and seeded into TScm^ flasks. The cells 
were incubated in a humidffied COj chamber at 37** C and the medium changed 
weekly. At confluence, the celts were han/ested using trypsin EDTA and re-seeded 
in a-minimum essential medium (a-MEM) supplemented with 10% fetal calf serum 
(FCS, Gibco). penicillin (lOOU/ml), streptomycin (lOOmg/ml). fungizone and L- 
glutamine (2mM). 

(c) All cells were senjm-starved for 48h before addition of GnRH-1 and GnRH-11. Cells 
were placed in DMEM without phenol red (in order to avoid oestrogen-iike effects of 
phenol red) containing 10% charcoal-stripped serum for 48 hours in 12 well plates. 
Dose dependent effects of GnRH-l and GnRH-H and analogues of the peptides 
were studied foiiowing the addition of peptides at final concentrations ranging from 
10-^ to 10-*M, 1mM dibutyryl cAMP was used as a control. The cells were 
incubated for 24. 48 and 96h with the peptide being replaced every 24 hours. 

(d) TO assess the effects of the peptides on cell proliferation, pH]thymidine was added 
at 1mCi/mi for an additional 24hours and pHJthymidine incorporation was 
determined. Radioisotope incorporation was determined using a scintillation counter 
and the results were calculated as cpm/mg of total protein. 

(e) Expression of osteoblastic differentiation markers was also determined (Tintut Y et 
a!„ J Biol Chem 273 7547-53, 1998). Total RNA was isolated at several stages 
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before treatment at 24. 48. 72 and 96 hours after acamon of peptides. Type I 
procollagen, osteopontin and 28S RNA (used as an internal control} expression was 
determined by Northern blot analyses. Alkaline phosphatase, matrix GLA protein, 
osteoclastin and GAPDH (as an internal control) were determined by RT-PCR with 
specific primers designed for each gene. 

The peptides of the invention caused significant effects at concentrations below 1 0OpM. 

Example 4 - Analysis of the effects of GnRH-ll and analogues on Osteoclast 
populations in vitro, 

(a) Human cional ceil lines of osteoclast precursors (FLG 29.1) were used as an in vitro 
model of osteoclast differentiation (Gattei V et al.. Cell Growth Differ 7 753-63, 
1996). In addition, co-cultures of FLG 29.1 and osteoblastic cells (Saos-2} were 
evaluated for migratory, adhesive, cytochemicai, morphological, and biochemical 
changes. Dose dependent effects of GnRH-1 and GnRH-li and analogues of the 
peptides were studied following addition at finai concentrations ranging from 1 0** to 
10"*M to FLG 29.1 cultures and to co-cultures. Parathyroid honmone was added as 
a control. Potentiation (or inhibition) of the differentiation of the preosteodasts 
(fusion into large multinucleated elements) and a number of other factors were 
measured (Oriandini al,. Celt Tissue Res . 281 33-42, 1995), These included: 

1. Positive staining for tartrate-resistant acid phosphatase in FLG 29.1 cells 

2. A decrease of the alkaline phosphatase activity expressed by Saos-2 cells 

3. The appearance of typical ultrastructural features of mature osteoclasts in FLG 
29.1 cells 

4. The release into the culture medium of granulocyte-macrophage colony 
stimulating factor 

5. To assess the effects the peptides on cell proliferation, pH]thymidine was added 
at 1mCi/mi for an additional 24hours and pH]thymidine incorporation was 
determined as described above. 

(b) Bone man-ow cells removed from human bone fragments were cultured in the 
presence of 10nM 1.25-(OH)2 vitamin D3 for seven days to generate multinucleated 
osteoclasts using standard techniques known in the art (Takahashi et ai, 
gndocrinol 122 1473-1482, 1988). The culture medium (a-MEM) was removed 
and replaced by a fresh phenol red free medium supplemented with antibiotics and 
10% charcoal-stripped heat-inactivated FCS containing GnRH-i, GnRH-1! or 
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analogues, and the cultures were maintained for a further 24 hours Fioatmg ceils 
were harvested and osteoclasts stained for tartrate-resistant acid phosphatase 
(TRAP) expression, a marker of osteoclast differentiation i Hughes ef ai. Nat. Med 
2 1132-1135, 1996) 

1 Ceils were incubated in 0,2M acetate buffer, pH 4.7-5.0. containing tartaric acid 
and 2% naphthoi AS-BI phosphate (dissolved at 20!ng/mi in ethylene glycol 
monomethy! ether) for 15min at 37*C. The cells were then transfen-ed to a 
second solution consisting of the same buffer and concentration of tartaric acid 
with 0. 1 % pararosanoiiine chloride (hexazotised by mixing with an equal volume 
of 4% sodium nitrite for 5min at room temperature) for 10min at 37^C. This 
treatment causes a red cytoplasmic stain in ceils expressing TRAP. Harris' 
hematoxylin was used as a nuclear counterstain. 

2. Apoptotic multinulceated osteoclasts were identified by strong expression of 
TRAP, larger size than accompanying viable TRAP-positive cells. Confirmation 
of apoptosis was carried out using acridine orange stain. Viable osteoclasts 
were counted after fixation in 95% ethanol and TRAP hematoxylin staining, and 
apoptotic osteoclasts were expressed as a percentage of the total number of 
multinucleated osteoclasts (viable and apoptotic) in each culture well. 

The peptides of the invention caused significant effects at concentrations below lOOpM. 

Example 5- Expression analysis of GnRH mRNA in osteogenic and osteoclast cell 
populations 

Total RNA was extracted from cells cultured as described above: 

1 . osteoblast like cells, isolated from cancerous bone 

2. murine osteoblastic MC3T3-E1 ceils 

3. MG-63 (non-mineralising) 

4. SaOS-2 (mineralising osteosarcoma) 

5. human bone marrow stromal cells 

S. human FLG 29.1 osteoclast precursor ceils 
7. multinucleated osteoclasts generated from bone marrow 
Expression of GnRH-1 and GnRH-!l was determined by RT-PCR using PCR primers 
outlined in SEQ i.D. No 1-4, The integrity of the cDNA generated was determined by 
assessing the relative level of actin amplification. 
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Example 6 - Effect of GnRH-ll on bone mineral density in the ovariectomised rat 



(a) Female adult (8 weeks old, 200-21 5g) Sprague Dawley rats were bilaterally 
ovariectomised (OVX). Animals were kept for 4 weeks post-delivery before 
commencing treatment. Purina rat chow (1.00% calcium. 0.51% phosphorous) 
and water were provided ad libitum. Each study consisted of 6 weight-matched 
groups (n = S/group). 

(b) Treatment started 4 weeks post-OVX. After 4 weeks, a baseline control OVX 
group was sacrificed (Group A), The remaining groups were injected once a day 
with vehicle (Group B), l^sg/kg body weight (Group C). lO^g/kg body weight 
(Group D). 100Aig/kg body weight (Group E) of GnRH-!l. and SO^g/kg body 
weight (Group F) of hPTH(1-34). 

(c) All rats were weighed every fourth day and dosages adjusted for 50g increase in 
mean group weight. Rats were given alternate subcutaneous injections of calcein 
(30mg/kg) ortetracydin (30mg/kg) in 2% sodium bicarbonate-saline, respectively to 
label mineralization surfaces on days 10, 19 and 26, following treatment with drug. 
Bone mineral density was assessed by dual energy x-ray absorptometry-DEXA). 
On day 28 serum calcium levels were determined by colorimetric assay using a 
commercial kit. 

(d) Success of OVX was confirmed at necropsy by failure to detect ovarian tissue 
and fay observation of marked atrophy of the uterine horns. Both legs were 
disarticulated at the hip. The left tibia and femur were cleaned of excess muscle 
and soft tissue and placed in 70% ethanol. The anterior eminence of the right 
tibia metaphysis was shaved with a razor blade, barely exposing bone marrow. 
Both right femur and tibia were then placed in 1 0% phosphate-buffered formalin 
for 24h and transfen-ed to 70% ethanol. 

Ovariectomised animals treated daily with 10 and lOOpg/kg of GnRH-il and SOpg/kg 
PTH for 28days have pronounced hypercalcemia. Results are shown in Figure 1 . 
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Example 7 - Cellular localisation of GnRH-H in paraffin sections of normal rat 
bone and human bone. 



(a) Frozen and/or paraffin-embedded human and rat bone sections were fixed for 3- 
36h depending on size (3-5h at room temperature, then approx 24h at 4**C) and 
then soaked in 0,1 M Tris + 5 % EDTA (1Z11g + 50g EDTA) pH 7.3 until 
decalicified. 

(b) Sections were then processed for antibody staining (rabbit pofycional anti-GnRH- 
II antibody) using standard techniques. 

Staining for GnRH-ll was observed in platelets, megakaryocytes at the growth piate 
(especially proliferating chondrocytes). Some staining was also seen in the bone- 
forming cells particularly in active osetobiasts as well as new osteoid. 

Example 1 demonstrates the preparation of the peptides of the invention, which can 
then be formulated as illustrated in Example 2. Examples 3 to 7 demonstrate the 
biological activity of the peptides of interest. The scope of the invention is not intended 
to be limited in any way by these Examples. In particular, it will be realised that variety 
of controlled release fomnulations of these peptides can be prepared by varying the 
polymer and/or the physical nature of the combination of the peptide and polymer. 
However, these variations give formulations with equivalent biological properties, and 
are intended to be within the scope of the invention as defined in the following Claims. 

SEQ l-D. Nos. 1 to 4 referred to in Example 5 are as 
follows : 



CTG 


CAG 


CTG 


CCT 


GAA 


GGA 


C 


(1) 


GGG 


CGG 


GGC 


GGG 


GCT 


CTC 


G 


(2) 


ATT 


CTA 


CTG 


ACT 


TGG 


TGC 


GTG 


(3) 


GGA 


ATA 


TGT 


GCA 


ACT 


TGG 


TGT 


(4) 
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CLAIMS 

1. A pharmaceutical formutation for the controiled release of a therapeutic peptide 
or a salt thereof, which peptide has the sequence 

pyroGlu-His-Trp-Ser-Xaa'-Gly-Xaa^-Xaa^-Pro-Gly-NH;. 

wherein Xaa'' is His or Tyr, 

Xaa^ is Trp or Leu, and 
Xaa^ is Tyr or Arg. 

provided that when Xaa^ is Tyr and Xaa^ is Leu, then Xaa^ is not Arg. 

and which formulation further comprises a pharmaceuticaily acceptable 
biodegradable polymer 

2. The pharmaceutical composition according to Claim 1, wherein the peptide is 
pyroGlu-His-Trp-Ser-His-GIy-Trp-Tyr-Pro-GIy-NHj 

3. The formulation according to Claim 1 . wherein the polymer is a polymer of a 
hydroxy derivative of a carboxylic acid, or a copolymer of such derivatives. 

4. The formulation according to Claim 3, wherein the polymer is a polymer of 
glycolic acid, a polymer of lactic acid, or a copolymer of lactic and glycolic acids. 

5. The formulation according to Claim 1 wherein the peptide is microencapsulated 
by the polymer. 

6. A method for the treatment of a human medical condition, which method 
comprises the administration to an individual in need of such treatment of a 

therapeutically effective amount of a controiled release formulation of a peptide 
according to any of the preceding Claims. 
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7. A formulation according to any of claims 1 to 5 for treatment of or for 
protection against disonjer of bone growth or disorder of prostate growth. 

8. The use of a peptide or salt as defined in claim 1 or 2, together with a 
pharmaceuticaHy acceptable biodegradable polymer, for the preparation of a 
controlled release medicament for the treatment of or protection against 
disorder of bone growth or disorder of prostate growth, 

9. A use according to claim 8 wherein said polymer is 

[a] a polymer of a hydroxy derivative of a carboxyfic acid, or a co-polymer of such 
derivatives, or 

[b] a polymer of glycolic acid, a polymer of lactic add, or a co-polymer of lactic 
and glycoiic acids. 

1 0. A use according to claim 8 or 9 wherein said disorder is selected from age- 
related osteoporosis, osteoporosis associated with post-menopausal 
hormone status, primary and secondary hyperparathyroidism, disuse 
osteoporosis, diabetes-related osteoporosis, glucocorticoid-reJated 
osteoporosis, benign prostatic hyperplasia and prostate cancer. 

11. A formulation according to claim 7 for the treatment of or protection against 
disorder selected from age-related osteoporosis, osteoporosis associated with 
post-menopausal hormone status, primary and secondary 
hyperparathyroidism, disuse osteoporosis, dJabetes-related osteoporosis, 
glucocorficoid-related osteoporosis, benign prostatic hyperplasia and prostate 
cancer. 
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A method for treating or protecfing agaiinst a human disorder of bone growth 
or of prostate growth, which method comprrses the administration to an 
individual in need of such treatment or protection of a fherapeuticalfy effective 
amount on a formulation according to any of daims 1 to 5. 

A method according to claim 12 wher&fn said disonter is selected from age- 
related osteoporosis, osteoporosis associated with post-menopausal 
hormone status, primary and secondary hyperparathyroidism, disuse 
osteoporosis, dfabetes-related osteoporosis, glucocorticoid-related 
osteoporosis, benign prostatic hyperplasia and prostate c&t^cer. 
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DgpLApiATiON AND POWSR OF ATTOHMEY 
As a below named invantor, i HEREBV DECLARE: 

THAT my raaidanca. poai offica addrasa^ and clttzanaMp ara as stated balow next to my 

name; 

THAT I bBliava I am tha original, first, end aara inventor (if only ona hvantor is named 
bafow) or an orifpnal, firsts and Joint inventor .{If plural Inventors are named batow or In in 
atcaohad Oaelaration) of the subject matter whioh la claimed and for which a patent » sought 
on tha Invention entitled 

CONTROLLED RELEASE FORMULATION COMPRISING GNRH*!! 



(Attorney Docket No. 033236^0115) 

tha apactficatton of which (check one) 
Is attached hereto, 

,„ X was filed on p^ceftibef 2. 19B9 , as United States Appllcetfon 
Number or PCT International Application Number pCT/GB9&/04Q46 
and waa emended on - (if applloaWeh 

THAT J do not know and do not believe that the same invention wes ever known or 
used by others In tha United States of Amarlce* or waa petanted or described in any printed 
pubteation in any coumry, before I (wa> invented tt; 

THAT I do not know and do not believe that the aama invention waa patented or 
described in any printed publication in any country, or in public use or on sale In tha United 
States of America, for mere than one year prior to the filing date of this United States 
applteatton; 

THAT I do rwt know and do not believe that the same Invention was first patented or 
made the subfect of an Inventor's certificate that issued in any country foreign to the United 
States of America before the fifing date of ^fs United States application if the foreign 
fippticsdon was filed by me (us), or by my Cour) legal representatives or assigns, more than 
twelve montha (sU months for design patents} prior to the f Iftng date of this United Stetes 
application; 

THAT I have reviewed and understand the contents of the above^identif led specif ieetion^ 
including the ctaim(s}^ as amended by any emandment specifically referred to ebove; 

THAT I betreve that the above-Identified specification contains a written description of 
the invention, and of the manner and process of making and using It, In such 1u\l clear, concise, 
end exact terms as to enable eny person sklRed in the art to which it pertains, or with which tt 
Is most nearfy connected, to make and use the invention, and seta fonh the beat mods 
contempfatsd by me of carrying out the invention; and 

THAT I acitnowledge the duty to disclose to tha U,Sr Patent and Trademark Office elf 
information known to me to be materiarto pateniablltty as defined In Htle 37, Code of Federal 
Regulations. 51.56, 
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\ HgRESV CLAfM foreign priority benaftu under Title 38, United Stattd Codft I719(a}-(d} 
or I 365(b) of any foreign epplicattonts) for patent or mvsntor's otnilicata, or {3e5(a) of isiny 
PCT intfmationai «pplicMton whioh distgnated 9t leaft ona cauntry othor than tho United 6m9$ 
of Amarlc«^ listed below and have also {dentifiad balovtf any foreign application for patent or 
lnvantor*a cofttfioata or of any PCT Intematlonai appBoation having a filing data before that of 
tha application on which priority it clalmad. 



Country 



Piriorfty 



Copy 



9a2aa6a.o 



Great Britain 



12/03/98 



yaa 



I HEREBY CIAIM tha benefit under Title 36, United Statei Code i 1 1 9W of any UnKad 
Statea provialonal appfioatlonCa} listed betow. 



U.S. Prowftfonil ApftfleaUefi Numbar 

















fll I H£A£SV CLAIM the benefit under Tftfe 35, United States Code, 1120 of any United 

III Statea eppfio«tion(sK or f 3©5{c) of any PCT international application daafgnating the United 

; j Statea of America, listed faefow and, loaofar as the a«b|ect matter of each of the ctaima of tWa 

I J; appifcation \$ not diaclosed In the prior United States or PCT International application in the 

^ manner provided by the first paragraph of Tftfe 35, United Statea Code, S 112. i acknowledge 
f the duty to diacioae information which m matertai to patentability aa defined in Tide 37, Code of 

''^ Federa! ReguiaHons, i 1.S$ which became available between the filing dete of tha prior 

^ apf^eatfon and the national or PCT Intarnetional filing date of thia application. 
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U^S* Param 
Ap^loatPDn Nunfbsr 


PCTPtrsni 
Appfieation Nimbtr 


Rtine 0«« 


PatUnt Numbsr 
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I HEREBY APPOINT the following reglatered attorneys and agents of the law firm of 
F0L6Y & URDNER; 




STEPHEN A. 8ENT R,,, i^g. MJSfi, 

OAVIO A, 8LUMENTHAL Rsg, No. '^HSIx- 

aSTH A. BU WOUS Rag, No. ^l^W 

AiJVN 1, CANTOi^ Reg* No, -zg^tgf 

WIUIAM T. WLM ffeo, No. "'21:874 

JOHN J. FEIDHAUS Reg. No. -2^^ 

MiCHAfiLO-JCAMlNSKl Reg. No. 

LYLe K. KfMWS Rtg, No. "U^OTe 

KENNETH 6. KROSIN Rtg, No, 
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JOHNNY A. KtwAAR 


R«a- No. 


JACK IMK 


Rttf. No. 


SLENN LAW 


Re$. No. 


PfiTSR 6- MACK 


R«0« Mo« 


STSPHeM B. MA£EMU5 


R»Q» No« 


SHfAN J. MC NAMAAA 


Be$. No. 


SYBIL MELOY 


R«gt No. 


BICHAUD c, peet 


RflQi No. 


GiQRGE E» ayfLLfN 


R8g> No. 


ANOR£W RAWUNS 


Reg. No. 


BERNHABO D. SAXS 


R»9* No. 


CHAMPS P. SCHlll 


Rtg* No. 


mcHARD L. SCHWAAS 


R«g. Ho, 




R^. No. 


HAROLD C. 


Ria. No* 




to have full pdwor to prosoouto this appHeat^on and «ny continuations, divisions, reiosuos, end 
re«xammatlon$ th«ro(rf» to r«e«iv« prtent Anit to transact •}( buslneoa In tho United States 
Patant and Tradamark Offioa connsctad tharawith. 



I raquaat that alt correapondanoa be dln»ecad to: 

Stephen A« B| 



_3O0OjCStra etj_(y|.W,. Suha 600 

Telfphona; (202) 672-6404 
Faoatmlla: a02) €72-8399 

i U^IDERSTAND AND AGREE THAT the foregofng attorneys and agents appoirrtod by ma 
to proaeouta thia application do not paraonaEly rcpraaant ma or my legal Intereata, but inatead 
repreaant the Interasta of the lagel Qwner(a) of the fftventton deacribed In thia eppllcatlon. 

I FURTHER DECLARE THAT ati staiamenta made herein of my own knowledge are true, 
end that ell atatementa made on information and belief era baiieved to be true; and further that 
theaa atatementa were made widi the knowledge that wittfur fafse atatementa end the ^ke ao 
made are punlihabte by fine or tmprlaonment or both, under Section 1001 of Title 18 of the 
United 3tates Code, and that euch willful falae itataments may jeoperdise the validity of the 
appHoatton or any patent lasuing theceon. 

Name of first inventdr } _ jteyeffl / 

Rasidanos Southa^ton, great Britmn ( -f^/ j 

C/dzanahip British 

Poat Office Address ? ^t^^^^T^ l^l^f?"*. 

Souti)|iarf^n>8030 4RS Great Brii ain 

Inventor's signature 
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D-uec- ZL 



FERRlfJG RESEARCH LTD 



Namt of swdnd inventor C A. Karan ARinaanya 

SouthamptonrGreat Britain ,/ ; 



No. 4873 P. 5 
Atty< Okt. No. 033236-01 1S 



Raaldenoa 
Citiun9htp 
Post Offica Address 

Inventor's algnaturo 
Data 

Name of third inventor 

Reaidance 

Cttfzenahip 

Post Office Addrosa 

inventor's signature 
Data 



Britfah 



38 Maonafihten Road, eineme Park 
Southamoion $078 10J Qreat Britain 




3- 



Amanda Hayward; 



Cambri dge, Great Britain 
British 



mi 



18 Chesterton Hafi Crescent 
ambridge, CB4 1AW Qraat 8r?tarn 



Cembridge, CB4 1A 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPUCANT: 

(A) NAME: FERRING BV 

(B) STREET: MARSSTRAAT 9, PO BOX 3 129 
(O CITY: HOOFDDORP 

(D) STATE: NONE 

(E) COUNTRY: THE NETHERLANDS 

(F) POSTAL CODE (ZIP): 2130 KG 

(ii) TITLE OF INVENTION: CONTROLLED RELEASE FORMULATION 

(iii) NUMBER OF SEQUENCES: 7 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(O OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Paientln Release #1 .0, Version #1 .30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CTGCAGCTGC CTGAAGGAG 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GGGCGGGGCG GGGCTCTCG 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
ATTCTACTGA CTTGGTGCGT G 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGAATATGTG CAACTTGGTG T 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



l i| (ix) FEATURE: 
J j (A) NAME/KEY: Modified-site 

(B) LOCATION:! 

'u (D) OTHER nNfFORMATION:/prodact= "Glu in first position is 

ill pyroGLU" 

fll (xO SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

ill 

& Glu His Trp Ser Tyr Gly Leu Arg Pro Giy 

C3 15 10 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY; Modified-site 

(B) LOCATION:! 

(D) OTHER INFORMATION:/product= "Glu in first position is 
pyroGlu" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu His Trp Ser His Gly Trp Tyr Pro Gly 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION:! 

(D) OTHER INFORMATION:/product« "Glu is pyroGIu" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION:5 

(D) OTHER INFORMATION:/product= "Xaa is His or Tyr" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION:? 

(D) OTHER INFORMATION:/product= "Xaa is Trp or Leu" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION:8 

(D) OTHER INFORMATION:/product= "Xaa is Tyr or Arg" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Glu His Trp Ser Xaa Gly Xaa Xaa Pro Gly 
1 5 10 




SEQUENCE LISTING 



<110> QI, STEVE 

AKINSANYA, KAREN 
HAYWARD, AMANDA 

<120> CONTROLLED RELEASE FORMULATION COMPRISING GNRH-II 
<130> 033236/0115 

<140> 09/857,115 
<141> 2001-06-01 

<150> PCT/GB99/04045 
<151> 1999-02-12 

<150> GB 9826662 .0 
<151> 1998-12-03 

<160> 7 

<170> PatentIn Ver. 2,1 

<210> 1 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 1 

ctgcagctgc ctgaaggac 



<210> 2 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 2 

gggcggggcg gggctctcg 



<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 3 

attctactga cttggtgcgt g 



21 
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<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 4 

ggaatatgtg caacttggtg t 



<210> 5 
<211> 10 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic 
Peptide 

<220> 

<221> MOD_RES 
<222> (1) 
<223> pyroGlu 



<220> 
f-^ <221> MOD_RES 

111 <222> (10) 

s <223> C-Term Amidated 



<400> 5 

Glu His Trp Ser Tyr Gly Leu Arg Pro Gly 
1 5 10 



<210> 6 
<211> 10 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic 
Peptide 



<220> 

<221> MOD_RES 
<222> (1) 
<223> pyroGlu 



<220> 

<221> MOD_RES 
<222> (10) 

<22 3> C-Term amidated 



<400> 6 

Glu His Trp Ser His Gly Trp Tyr Pro Gly 
15 10 



<210> 7 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Peptide 

<220> 

<221> MOD_RES 
<222> (1) 
<223> pyroGlu 

<220> 

<221> MOD__RES 

<222> (5) 

<223> His or Tyr 

<220> 

<221> MOD_RES 

<222> (7) 

<223> Trp or Leu 

<220> 

<221> ]yiOD_RES 

<222> (8) 

<223> Tyr or Arg 

<220> 

<221> MOD_RES 
<222> (10) 

<223> C-Term Amidated 
<220> 

<223> provided that when Xaa at position (5) is Tyr and 

Xaa at position (7) is Leu, then Xaa at position (8) 
is not Arg. 



<400> 7 

Glu His Trp Ser Xaa Gly Xaa Xaa Pro Gly 
15 10 



